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ABSTRACT
THE EFFECTS OF ACUTE STRESS ON EMOTION RECOGNITION
OF BODILY MOVEMENTS

Devi Jayan
Marquette University, 2018
Lack of understanding of the mental state of others may govern poor
social interactions and, the etiology and maintenance of several mental health
conditions. In everyday situations, verbal and non-verbal affective stimuli are
often processed under conditions of acute stress. Acute stress is associated with
changes in cognition, affect, behavior and neural functioning; however, previous
research has not sufficiently identified the role of acute stress on emotion
recognition (ER) from body movements. The current study explored the effects of
acute stress and related physiological responses on ER of dynamic body
movements.
Eighty-Four participants were exposed to an acute stress procedure or a
control condition before they were administered an ER task with angry, happy
and neutral emotional stimuli to recognize. In addition, physiological measures
such as cortisol and skin conductance were collected during baseline, exposure
and post-stress conditions. Based on cortisol response 20 minutes after stress
induction participants were categorized into cortisol responders (15.5% or more
increase in cortisol values from baseline to exposure) and non-responders (less
than 15.5% increase).
The hypothesis that angry stimuli would be more accurately recognized under
acute stress was only partially supported as a statistical trend. There are no significant
difference in the ER for happy or neutral emotions between the stress groups. Cortisol
responder status was associated with a decline in ER accuracy specific to neutral stimuli,
which may highlight the existence of overlapping neural mechanisms involved in stress
and ER. In addition, female cortisol responders misattributed neutral stimuli as happy
significantly more than controls and non-responders. These results provide preliminary
evidence for hypothesis that stress and physiological stress responses influence ER in
varying degrees based on the properties of the emotions. Implications and future
directions are discussed.

i

ACNOWLEDGEMENTS
Devi Jayan

I would like to thank my research mentor and committee chair, Dr. Anthony Porcelli, for
his steadfast support and mentorship throughout this project. I would also like to express gratitude
to my other committee members, Dr. James Hoelzle and Dr. Nakia Gordon for their contributions
to the project. I especially thank my family for their unyielding support and enthusiasm for my
education. I would also like to thank my dear friends for their wholehearted support for all my
endeavors. Last, but not the least, I wish to thank my daughter, Vyga for the countless hours she
patiently waits for me to finish my assignments before she can play with me.

ii

TABLE OF CONTENTS
ACKNOWLEDGMENTS ………………………………………………………………...i
TABLE OF CONTENTS………………………………………………………………....ii
INTRODUCTION .............................................................................................................. 1
Measurement of ER……………………………………………………………….4
The Stress Response: Psychophysiology and Types of Stressors ........................... 7
Stress Psychophysiology............................................................................. 7
Types of Stressors ....................................................................................... 9
Effects of Stress on Cognition and ER ................................................................. 11
Specific Aims ........................................................................................................ 15
Aim 1 ........................................................................................................ 15
Aim 2…..………………………………………………………………..16
METHODS ....................................................................................................................... 17
Experimental Timeline........................................................................................ 177
Participants………………………………….......…………………………..……17
Procedure .............................................................................................................. 18
Informed Consent...................................................................................... 18
Cognitive Test Battery and Other Measures (Day 1).............................. 199
ER Task and Physiological Measures (Day 2) ......................................... 19
Acute Stress Induction .............................................................................. 20

iii

ER Task ..................................................................................................... 20
Post-Experimental Questionnaire ............................................................. 21
Specific Aims and Hypotheses ........................................................................... 222
Aim 1 ........................................................................................................ 22
Aim 2 ........................................................................................................ 22
Data Analytic Plan……………………………………………………………….22
Salivary cortisol and skin conductance levels (SCL) ............................... 23
ER accuracy calculations .......................................................................... 24
Statistical Analyses……………………………………………………………....24
Psychophysiological and self-report manipulation checks ....................... 24
Aim 1. ....................................................................................................... 25
Aim 2. ....................................................................................................... 25
RESULTS ....................................................................................................................... 266
Psychophysiological and Self-Report Manipulation checks................................. 26
Aim 1: Acute stress effects on ER ........................................................................ 28
Exploratory analyses ................................................................................. 29
Aim 2: Effects of Salivary Cortisol Response on ER ........................................... 29
Exploratory analyses ................................................................................. 30
DISCUSSION ................................................................................................................... 32
BIBLIOGRAPHY ............................................................................................................. 40

iv

APPENDIX ....................................................................................................................... 50

1
INTRODUCTION

Darwin’s The Expression of Emotion in Man and Animals (Darwin, 1872)
provides one of the earliest examples emphasizing the importance of emotions and
emotion recognition (ER) in decision making and behavior. There Darwin extended his
theory of natural selection from physical characteristics to affect and its expression,
positing that emotions could be considered as signals that convey information to
conspecifics to enhance chances of survival. Darwin proposed that the expression of
emotions is a universal process which is biologically determined and has communicative
value. More recently, Ekman and colleagues established cross-cultural commonalities in
facial expressions representing specific primary emotions (anger, happiness, fear,
surprise, disgust and sadness) (Ekman et al., 1987). Evolutionary scientists suggest that
the capacity to identify and interpret expression of emotions may have evolved from the
evolutionary selective processes to facilitate vigilance towards predators and survival
(Eastwood & Smilek, 2005). Moreover, the ability to recognize the meaning and
magnitude of emotional cues communicated by other individuals is a major aspect of
interpersonal interactions and social relationships (Smeets, Dziobek, & Wolf, 2009).
Therefore, the ability to recognize emotions quickly and accurately is critical for
promoting social alliances which is critical for human survival (Tracy & Robins, 2008),
irrespective of racial, ethnic or cultural differences.
ER is a precursor of emotion regulation and a major component of Emotional
Intelligence; EI (Yoo, Matsumoto, & LeRoux, 2006). EI can be defined as the ‘‘ability to
recognize the meanings of emotions and their relationships, and to use them as a basis in
reasoning, problem solving and cognitive activities’’(Mayer, Salovey, Caruso, &
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Sitarenios, 2001). According to Mayer and colleagues, there are four major components
to EI, 1) accurate recognition of emotions in oneself and others; 2) understanding
emotions; 3) utilizing emotions to facilitate thought; and 4) emotion regulation. These
components form a hierarchy with ER as the foundation upon which all other emotion
regulation capabilities depend. Similarly, the appraisal theory of emotions in humans
(Clore & Ortony, 2000; Lazarus, 1991; Phillips, Drevets, Rauch, & Lane, 2003) indicates
that appraisal (i.e., evaluations) of the emotional significance of a stimulus precedes
associated emotional responses and behaviors. Appraisal theorists suggest that varied
emotional responses to the same situation may be evoked in different individuals since
emotions are elicited after estimating the implications of a given situation as per each
person’s own needs, goals and experiences (Smith, Tong, & Ellsworth, 2016). Therefore,
ER plays an important role in facilitating behavioral responses to situations.
The two theories mentioned above explain how accurately comprehending the
meaning of subtle emotions in others influences one’s own emotional state; a factor that
guides decision making across a range of behaviors such as risk-taking, food
consumption, and offering help to others (Andrade & Ariely, 2009; Vohs, Baumeister, &
Loewenstein, 2007). For example, perception of emotions provides information about the
sender’s social intentions and relationship with perceiver that can influence their social
decisions and subsequent behavior (Ames & Johar, 2009). Emotions may also serve as a
form of reinforcement and punishment (in the sense of operant conditioning) of decisions
that can inform behavior (Klinnert, Campos, Sorce, Emde, & Svejda, 1983). Similarly,
perception of positive emotions encourages continuation of current behaviors whereas
perception of negative emotions motivates behavioral adjustment. Therefore, information
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conveyed by other’s emotional expressions provide input for social decision making
which encourages adaptive outcomes (Manstead & Fischer, 2001). Finally, ER may
promote quality of social interactions by enhancing the perception of social cues (e.g.,
inability to perceive social cues of threat and safety can compromise social relationships).
In everyday situations, decisions based on ER for conveying both verbal and nonverbal affective stimuli are made under conditions of acute stress. Stress is an inevitable
daily life challenge which elicits various physiological, psychological and behavioral
reactions in an individual (Lundberg, 2005; Starcke & Brand, 2012). Acute stress is
associated with changes in cognition, affect, behavior and neural functioning, and may
lead to strategic relocation of resources from neural regions that aid in slow deliberation
of information to regions that are salient for the survival under threat. Under acute stress
there may be a shift in resources between neurocognitive networks, neural circuity
supporting logical and deliberative decision making towards those supporting salience
processing facilitating vigilance and fear responses to stressful stimuli (Hermans et al.,
2011). Specifically, corticosteroids secreted in response to acute stress may activate the
salience network which includes amygdala, dorsal anterior cingulate cortex,
hypothalamus, anterior insula, thalamus, striatum, and inferotemporal/temporoparietal
regions (Seeley et al., 2007). Collectively these regions promote vigilance towards the
threatful stimulus (Hermans et., 2014; Corbetta, Patel, & Shulman, 2008) and may
contribute to enhanced memory for emotional stimuli via increased encoding of
threatening information.
Acute stress modulates various cognitive functions, including strategic reasoning
and feedback processing (Deckers et al., 2015; Lupien, Maheu, Tu, Fiocco, & Schramek,
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2007). Starcke and Brand (2012) indicated that acute stress confers a positive or negative
influence on decision making depending on the nature said decisions and their context.
For example, acute stress can be detrimental in situations demanding cognitive processes
that involve risk avoidance and strategic decision making whereas stress exposure may be
beneficial in situations that demand heightened risk taking and reward sensitivity.
Notably, accurately decoding affective stimuli is a complex task which requires an
interplay of various cognitive processes (Fox, 2008). Therefore, it is probable that acute
stress influences one’s ability to accurately recognize the emotional state of another
individual; accurate ER in dynamic environmental conditions may be of particular
importance under stressful situations (Tracy & Robins, 2008). For example, police
officers who encounter perpetrators with weapons are often acutely stressed; however, it
is important for them to perceive emotions and movements accurately within a brief
period of time to facilitate appropriate responses. Even for ordinary citizens situations
that engage ER are often stressful (e.g., difficult interpersonal interactions or conflicts;
Lawler et al., 2003) and rely on accurate in ER to foster adaptive social interactions and
relationships. The proposed study will examine how acute stress and associated stressrelated psychophysiological responses influence ER accuracy.
Measurement of ER
One major methodological limitation in existing ER research involves differences
in the emotional stimuli utilized in various ER tasks. Research on ER has employed
various stimuli including still photos, films, audio clips, and images of the body postures,
eyes, mouth or entire face (Golan, Baron-Cohen, & Hill, 2006). Currently, facial
paradigms dominate studies on ER; however, there are considerable variations in the
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types of facial recognition tasks used between-studies. These also vary in type and
intensity of emotions expressed. Although the duration and speed with which facial
expressions are generated may also influence ER and ratings of emotion intensity
(Kamachi et al., 2013), these cannot be accounted for in ER research using static stimuli.
Additionally, static stimuli may be less effective than dynamic stimuli for promoting
accurate ER (Atkinson, Tunstall, & Dittrich, 2007).
One potential avenue that could clarify such inconsistencies involves examination
of non-verbal emotional cues involving dynamic bodily movements. Body movements
play a major role in non-verbal emotion communication (Atkinson, Dittrich, Gemmell, &
Young, 2004; Johansson, 1973), and previous studies have indicated that emotions such
as happiness, anger and sadness can be accurately perceived from body movements (Dahl
& Friberg, 2007). Information required for ER from body motions can be obtained from
structural changes over time (including motion-mediated structural information),
kinematics (e.g., velocity, acceleration, displacement) and dynamics or motion in terms
of mass and force (Atkinson et al., 2007). Of particular interest is kinematics based
studies of ER which utilizes point-light displays (PLD) for the perception of biological
motions (Dittrich, Troscianko, Lea, & Morgan, 1996) which will be used in this study.
PLD tasks include a small number of illuminated dots that mimic body parts of an
actor. The human ability to perceive biological motion from PLDs was first demonstrated
by Johansson (Johansson, 1973). He showed that individuals can spontaneously
recognize complex biological actions such as walking, boxing or dancing from PLDs if
they were presented dynamically as movies even though PLDs lack characteristics such
as color or contour (Alaerts, Nackaerts, Meyns, Swinnen, & Wenderoth, 2011; Cutting &
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Kozlowski, 1977). It has been demonstrated when viewing PLDs that individuals can be
highly accurate at identification of familiar individuals from gait (Cutting & Kozlowski,
1977) and arm movements (Hill & Pollick, 2000), sex (Mather & Murdoch, 1994) and,
identify their actions and basic emotions (Dittrich, 1993). In that they resemble real life
social interactions, where actors’ faces and bodies are in motion, the study of emotions
using dynamic stimuli like PLDs may have higher ecological validity than research using
static stimuli (Dittrich et al., 1996).
PLDs for ER tasks depict a “point light figure” based on markers that indicate
various body parts (e.g., head, shoulders, elbows, wrists, hips, knees and ankles) that can
convey emotional information during movement (for an example see Fig. 1). Such tasks
typically involve short video clips with PLDs of white dots against a black background.
While it may appear that PLDs are impoverished in terms of details, ER from PLD is
significantly positively correlated with performance on facial ER tasks (Alaerts et al.,
2011). Thus, ER performance based on PLDs is likely highly indicative of ER accuracy
generally. Additionally, in everyday situations facial expressions may be ambiguous,
inconsistent or are not readily available to the observer; therefore, studying ER from
bodily movement is particularly important in terms of real-world validity.
In that ER is an important aspect of social interaction (Chen, 2014), any stressful
stimulus that interrupts homeostasis may influence ER and decisions about appropriate
social responses. Porges (2003) indicates that maintaining a “calm physiological” state
facilitates engagement and disengagement with others, which promotes optimal social
interaction. In the absence of stress, such “physiological calmness” is maintained by the
myelinated vagus nerve (tenth cranial nerve) which functions as a brake on the sinoatrial
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node (heart’s pace maker) by inhibiting the sympathetic-adrenal influences and HPA axis
(Porges & Carter, 2017; Quintana, Guastella, Outhred, Hickie, & Kemp, 2012). As
previously discussed, several studies have established that experiencing acute stress
imposes significant changes in both cognitive and decision-making abilities (Deckers et
al., 2015; Lupien et al., 2007; Starcke & Brand, 2012), but the effects of acute stress on
cognitive processing of various emotions are under-investigated. To our knowledge this
is the first study to investigate the effects of acute stress on ER from PLDs. Before
reviewing the literature on cognitive changes induced by acute stress, it is important to
discuss the nature of various stressors and the psychophysiology of stress regulation.
The Stress Response: Psychophysiology and Types of Stressors
Stress psychophysiology. Stress is the subjective experience of physiological
and/or psychological threat experienced by a person (Joëls, Fernandez, & Roozendaal,
2011). Various stimuli perceived as stressful disrupt homeostasis in the body and elicit a
cascade of physiological changes to enable the organism cope with the threat adaptively.
Physiological responses mediated by the limbic forebrain, hypothalamus and brainstem
activate neuroendocrine and autonomic pathways based on the stressor modality and
intensity (Ulrich-Lai & Herman, 2009). This involves engagement of two biological
systems: 1) the fast acting sympathetic-adrenal-medullary (SAM) axis, resulting in the
release of catecholamines such as dopamine and (nor)epinephrine, and 2) the slower
hypothalamic-pituitary-adrenal (HPA) axis, which initiates release of corticosteroids such
as cortisol (Miller & O'Callaghan, 2002) . SAM activation mediates cardiac output and
produces functional changes (McEwen & Sapolsky, 1995) such as increases in heart rate,
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blood pressure and similar coping responses to prepare the body for a fight or flight
response (Cannon, 1932).
The HPA axis response under acute stress is slower acting as compared to the
SAM activation (Lupien et al., 2007; Ulrich-Lai & Herman, 2009). The hypothalamus
releases corticotropin releasing hormone (CRH), which activates the pituitary gland to
secrete adrenocorticotropin (ACTH). ACTH reaches the adrenal glands via the
bloodstream, and in turn stimulates secretion of corticosteroids such as glucocorticoids
(e.g., cortisol) from the adrenal cortex as well as adrenaline from the adrenal medulla.
This complex cascade of events reaches its peak significantly later than that of the SAM
response; 21-40 minutes after stress onset (Dickerson & Kemeny, 2004) . Once in the
bloodstream, corticosteroids play a critical role in returning the body to state of
homeostasis. Corticosteroids aid in carbohydrate metabolism and increase blood glucose
levels to fuel the metabolic demands to replenish lost energy sources while coping with a
stressful situation (Herman et al., 2003). The short-term HPA axis responses to acute
stress promotes mobilization of stored energy to ensure that the organism has resources to
cope with real and anticipated stress (Herman et al., 2016). In contrast, chronic HPA
activation imposes long term anti-reproductive, antigrowth, catabolic and
immunosuppressive effects (Tsigos & Chrousos, 2002; Ulrich-Lai & Herman, 2009).
Glucocorticoids suppress pituitary growth hormones (GH), gonadotropin and
thyrotropin; thereby inhibiting the growth, reproductive systems, and the thyroid
stimulating systems. In the short term, such inhibition serves to conserve metabolic
resources, but chronic activation of these responses may lead to increased visceral
adiposity, decreased lean body mass, suppressed immune system and osteoblastic activity
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(Chrousos, 1995; Tsigos & Chrousos, 2002). Brain structures associated with stressrelated psychophysiological responses may also undergo physical alterations in the
presence of chronic stress, and over-activation of these neural regions may lead to
reduced efficiency of glucocorticoids release via negative feedback (Ulrich-Lai &
Herman, 2009). The current proposal specifically focuses on the effects of acute stress on
ER. The parasympathetic nervous system (PNS), composed of the vagus nerve
complements the sympathetic branch of the autonomic nervous system, and may aid in
coping with stress via parasympathetic withdrawal (Tsigos & Chrousos, 2002). When an
individual is stressed, the vagal brake is released to prepare the body for survival. Once
the environment is perceived as safe again, the vagal brake is reinforced to enhance
homeostasis. The broad range of peripheral effects of stress (described above) enables
non-invasive measurement of stress responses from the physiological effects it has on the
body. The SAM mediated stress responses can be measured using blood pressure, heart
rate variability (HRV; Thayer, Åhs, Fredrikson, Sollers, & Wager, 2012) and skin
conductance (measurement of electrical resistance of the skin; Jacobs et al., 1994). The
HPA mediated endocrine activation acts as a major indicator of stress and can be
obtained from assaying hormones (primarily cortisol in human) in the saliva or blood
plasma. Notably, salivary cortisol will be used as indicator of HPA mediated
neuroendocrine stress response in this proposed study.
Types of stressors. Based on a range of contextual factors (e.g., duration,
intensity and frequency of exposure), stressors may be classified as acute or chronic
(Joëls & Baram, 2009; Smyth, Zawadzki, & Gerin, 2013). Acute stress generally involves
brief exposure to a stressor of limited intensity (e.g., stress related to public speaking),
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and is associated with temporary and reversible psychophysiological and psychological
changes which subside once the stressor retires. In contrast, chronic stress involves
exposure to stressors at more extreme levels of duration, intensity, or frequency, which
may lead to longer-lasting physiological (and thus psychological) changes. Prolonged
engagement of these systems has been shown in some cases to lead to (semi) permanent
changes in both neural structure and function (Fenoglio, Brunson, & Baram, 2006). For
example, Fenoglio and colleagues found that rodents exposed to early life chronic stress
suffer from irreversible interruption in structural and functional development of
hippocampus, causing cognitive impairments related to spatial memory.
Stressor attributes and cognitive processing of stressful stimuli determine which
neural circuits are engaged in coping with the stressor; therefore, stressors can also be
characterized as systemic or processive (Herman & Cullinan, 1997). When a stressor
represents an immediate threat to the physiological homeostasis of the organism, it is
considered as systemic in nature. Examples include pain, blood loss, or exposure to a
potentially physically harmful stimulus such as extreme cold. Systemic stressors are
relevant to the immediate survival of the organism and necessitate engagement of lowerlevel neural systems to facilitate faster adaptive responding. Therefore, systemic stressors
appear to be processed mainly via the brainstem and associated catecholaminergic
projections. Relatedly, it has been noted that systemic stress exposure may more reliably
elicit SAM (and associated catecholamine release) than HPA psychophysiology
(Schwabe, Haddad, & Schachinger, 2008).
Other stressors may be perceived by an organism as threatening, but do not
directly disrupt homeostasis; these are referred to as processive stressors (Herman &
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Cullinan, 1997). For example, public speaking may be perceived as stressful by some
individuals, but not others. Consequently, processive stressors require additional
processing by limbic forebrain circuits prior to triggering the stress response’s
psychophysiological cascade. Therefore, when a stressor is perceived as a threat, such
information is processed in the cerebral cortex first before it is relayed to the
hypothalamus. However, different types of processive stressors can use distinct pathways
to interact with the limbic system; for example, in rodents, stress related to restricted
movement uses a different pathway than swim stress, and each elicits a characteristic
pattern of limbic activation. Because there can be a great deal of variability in what is
perceived as stressful by different individuals, processive stressors involve greater
individual differences in stress-related psychophysiological reactivity than do systemic
stressors. That said, research indicates that they more reliably evoke HPA activation (and
associated corticosteroid release) than do systemic stressors (Schwabe et al., 2008). In the
proposed study, the focus will be on use of a hybrid systemic/processive approach
designed to maximize stress-related reactions.
Effects of Stress on Cognition and ER
Most stressful situations demand vigilance and activation of rapid coping
mechanisms for survival which could be a shift in neural resources away from higher
cognitive processes (Hermans, Henckens, Joels, & Fernandez, 2014). As previously
discussed, when a threat is detected the salience network orients attention towards the
threatful stimuli at the cost of allocation of attentional resources to tasks requiring
selective attention, potentially modulating decision making and other forms of cognition.
These changes occur in the presence of catecholamines and corticosteroids which switch
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the brain to a hypervigilant mode leading to heightened attention to stressful stimuli and
increased susceptibility to emotional distraction (Henckens, van Wingen, Joëls, &
Fernández, 2012). Therefore, under acute stress corticosteroids may act in concert with
catecholamines to impair prefrontal cortex (PFC) regulation of brain responses while
enhancing amygdala-mediated emotional responses (Arnsten, 2009). For example, after
stress exposure the amygdala may enhance fear conditioning by allocating resources
away from PFC-mediated attention to a current task (e.g., cooking) towards amygdalamediated attention to salient properties of a threatening stimulus (e.g., a flashing fire
alarm; Buschman & Miller, 2007; van Marle, Hermans, Qin, & Fernández, 2009).
Similarly, the influence of acute stress on hippocampus is determined by the amount of
corticosterone elevations. Corticosterone may also exert an ‘inverted U-shaped’ influence
on hippocampus functioning, whereby moderate amount of the hormone enhances
hippocampal mediated encoding and learning of information; however too little or too
much of the hormone impair hippocampal functioning (Diamond, Bennett, Fleshner, &
Rose, 1992).
Some studies propose that amygdala plays a major role in ER mainly by
coordinating the functions of cortical networks (Pessoa & Adolphs, 2010), whereas PFC
mediates attentional process related to recognition itself (Wolf, Philippi, Motzkin,
Baskaya, & Koenigs, 2014). Additionally, Rips, Shoben, and Smith (1973) emphasized
the role of hippocampus in constant encoding, updating, and flexible manipulation of
relational memory to enhance social cognition. Overall, these studies indicate that the
amygdala, prefrontal cortex and hippocampus are brain structures that play important
roles in the conditioning of behavioral responses to emotional stimuli (Ulrich-Lai &
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Herman, 2009), but these brain regions are also influenced by glucocorticoids secreted in
response to acute stress. Despite several studies on the effects on stress on these
structures in the past decade, however, there has been less focus on the effects of acute
stress on ER which is an important aspect of social cognition.
The few existing studies on acute stress and ER exhibit methodological
differences and discrepant results. For example, enhanced facial ER was observed in
healthy participants after acute stress was induced through a processive stressor (i.e., the
Trier Social Stress Test; Deckers et al., 2015). Another study observed that anticipatory
stress related to public speaking strengthened attention only to angry emotions (Wieser,
Pauli, Reicherts, & Muhlberger, 2010). When examining the role of HPA activated
hormones on ER. Duesenberg et al. (2016) did not find a direct influence of cortisol
(administered exogenously to mimic the HPA correlates of the stress response) on ER. In
addition, Smeets et al. (2009) suggest that the effects of stress hormones on social
cognition may be sex specific. They observed that men who were high cortisol
responders displayed enhanced social cognition, whereas social cognition was enhanced
in women who were low cortisol responders. Finally, Quintana et al. (2012) examined the
effects of ANS regulation (based on HRV) on performance in the Reading Mind in the
Eye Test (RMET), which assesses ER aptitude. They reported that higher
parasympathetic activity marked by increased high frequency HRV is associated with
increased ER accuracy. That said, a limitation of their study was the absence of a stressor
or the experimental manipulation of physiological stress response. Thus, it is unclear if
increasing parasympathetic activity under acute stress enhances ER accuracy. The current
study addresses this issue by examining variations in stress induced psychophysiological
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reactivity (e.g., cortisol and skin conductance, representing HPA and SAM engagement
respectively) and their effects on ER in participants.
Impaired decision making abilities and social functioning associated with deficits
in the ability to perceive, and respond to, the emotional display of others have been
recognized as core difficulties in several neurodevelopmental and psychiatric conditions
such as autism, anxiety, depression, and schizophrenia (Harms, Martin, & Wallace, 2010;
Kohler & Brennan, 2004; Lee, Lee, Kweon, Lee, & Lee, 2009; Surguladze et al., 2004) .
Adults experiencing social anxiety and panic disorder tend to misinterpret other emotions
as anger (Kessler, Roth, von Wietersheim, Deighton, & Traue, 2007; Mohlman, Carmin,
& Price, 2007), and patients with depression tend to evaluate positive, neutral or
ambiguous emotions as negative (Bourke, Douglas, & Porter, 2010); such
misinterpretations may even serve as an etiological and maintenance factor in
psychological disorders (Larøi, Fonteneau, Mourad, & Raballo, 2010). In contrast,
greater ER skills have been shown to predict better vocational outcomes for business
executives, elementary school principals, human service workers, therapists, teachers etc.
(Elfenbein, Der Foo, White, Tan, & Aik, 2007; Halberstadt & Hall, 1980; Rubin, Munz,
& Bommer, 2005). Therefore, understanding the influence of acute stress on ER has
important clinical implications, especially when working with individuals who
experience stress regularly and/or have stress disorders.
A major aspect of emotion regulation lies in interpreting the thoughts of others by
accurately identifying subtle changes in their bodily cues, which can inform decision
making related to appropriate emotional and behavioral responses. Social support, a
significant predictor of well-being in individuals, can only be maintained with consistent
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patterns of accurate emotion recognition and subsequently emotion regulation (Cohen &
Wills, 1985) . Lack of understanding of the mental state of others may govern poor social
interactions and, the etiology and maintenance of several mental health conditions. As
existing research has insufficiently identified the effects of acute stress on ER, there is a
dearth in research examining the mediating role of physiological responses of acute stress
on ER.
To our knowledge the proposed study is the first to examine ER under stress using
body movements which is an important aspect of non-verbal communication of emotions.
A better understanding of the association between acute stress and decision-making
informed by affect could provide vital insight into the development and treatment of
disorders influenced by stress. Further, examining the relationship between acute stress
and emotions may have clinical implications in the development of treatments for trauma
survivors and PTSD. Finally, the processes involved in ER under acute stress may
improve scientific understanding of typical emotional functioning and its contribution to
social interaction. Better understanding of these emotional processes underlying social
interaction can aid in treatment of individuals who experience disorders associated with
emotional dysfunction such as depression and anxiety. If stress impairs accurate ER,
emotional difficulties associated with these disorders may be worsened under stress.
Specific Aims
Aim 1
To develop evidence for the hypothesis that exposure to acute stress influences emotion
recognition of bodily motions based on PLDs. Understanding any influence of stress on
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ER will add to the growing body of stress research and help to inform researchers and
clinicians about emotional and behavioral responses under acute stress.
Aim 2
To determine if psychophysiological responses to acute stress mediate the relationship
between stress and ER. Previous studies examining the effects of cortisol on ER have
yielded inconsistent results (Duesenberg et al., 2016; Smeets et al., 2009); therefore the
influence of cortisol on ER will be explored. Additionally, the influence of skin
conductance (as a measure of acute stress-related SAM engagement) on ER will also be
examined.
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METHODS
Experimental Timeline
The study took place over two days. On day one, participants arrived at the lab
situated in Marquette University Psychology department and completed a battery of
neurocognitive tests and questionnaires. One day two, participants returned to the lab to
participate in an acute stress or control procedure between-subjects, before completing an
ER task which requires participants to identify if a stimulus is the same or different from
a neutral stimulus. Physiological measures such as skin conductance and saliva samples
for cortisol assay were collected before, during and after the stress procedure. All study
procedures were approved by the Marquette IRB, and all participants gave informed
consent before taking part in the study.
Participants
Participants were undergraduate students from Marquette University solicited
through the department of psychology’s research pool. Compensation for participation
will be in the form of extra credit. A power analysis was conducted assuming a small
effect size, [0.25], 2 acute stress groups (Control vs. SECPT) and 3 affective stimuli
(Neutral vs. Happy vs. Angry). To attain an effect size of 0.25, a total sample size of 56
was required. An attempt was made to balance sex across groups. One-hundred and
ninety-nine participants were contacted over email, to which one-hundred and thirty-nine
responded. Ninety-six participants signed the consent form and the remaining participants
either met the exclusionary criteria (see below) or did not respond to follow-up
communication. Eighty-Four participants (SECPT = 40; M = 20, F = 20; Control = 44, M
= 21, F = 23) completed both days of the study.
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Given the role of stress exposure in the study to ensure the safety of the
participants, and reduce the influence of environmental, behavioral, medical, and
psychological conditions on study results, participants were excluded if they report a
history or evidence of: 1) cardiovascular illness, 2) abnormal blood pressure, 3)
hypertension, 4) chronic rheumatologic disease, 5) diabetes, 6) Reynaud’s Disease, 7)
cold urticaria, or 8) a self-reported mental health condition. Additionally, participants
were excluded from the study if they are taking prescribed psychoactive medications.
Participants were asked to refrain from alcohol use for 24 hours and caffeine use for 12
hours prior to testing. To control for hormonal variation that may alter cortisol responses
(a major dependent variable in the proposed study), females were excluded if they are
taking contraceptives known to influence hormonal systems (Kirschbaum, Kudielka,
Gaab, Schommer, & Hellhammer, 1999). Moreover, to account for sex differences
related to menstruation, female participants performed day 2 procedures during the midluteal phase of their cycle (i.e., about 20-25 days after the start of their last menstrual
cycle) when research suggests the influence of stress exposure on psychology is most
similar between the sexes (Kajantie & Phillips, 2006). Total participation time will vary
between approximately 3 and 4 hours.
Procedure
Informed consent. On the first day of the study, participants were given an
overview of the study and a description of the procedures. They were informed that their
participation was voluntary, and that they can discontinue participation at given point in
the study with no penalty. The researcher then reviewed each part of the consent form
with the participant and answered any questions, after which both the participant and the
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researcher signed it. After giving informed consent and signing, participants were
randomly assigned to a control or stress group for day 2 procedures. Those who do not
wish to give consent form were thanked for their time and did proceed in the study.
Cognitive test battery and other measures (Day 1). On the first day of the
experiment, all participants were administered a brief battery of neurocognitive tests and
questionnaires which are described below. Tests include Block Design (Wechsler, 2008);
Digit Span (Wechsler, 2008); Trail making test (TMT) A and B (Tombaugh, 2004);
Shipley Vocabulary (Shipley, 1940); Symbol-digit modalities test (Smith, 1982); Positive
and Negative Affect Schedule-Short Form (PANAS-SF) (Kercher, 1992). The current
thesis involves data from a larger study and therefore, neuropsychological assessments
and other procedures from first day of the experiment are not included in forming
hypotheses.
ER task and physiological measures (Day 2). Day 2 consisted of participants
completing the ER task after being exposed to the stress or control conditions. They were
connected to a Biopac MP150 system to record physiological measures such as
electrocardiogram, skin conductance and respiration. Blood pressure will also be
monitored using an Omron automatic blood pressure monitor. Based on the group they
were in, participants underwent an acute stress procedure (see Stress induction section
below; Schwabe et al., 2008) or a control procedure, followed by an ER task (Alaerts et
al., 2011)
Saliva samples were collected 3 times from the participants to measure salivary
cortisol; the first baseline sample was collected right after participants are acclimated to
the lab, the second sample was collected 20 minutes after the stress procedure; cortisol
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peaks 20-40 minutes after exposure to acute stress (Dickerson & Kemeny, 2004) and the
third sample right after the ER task. Samples were collected using a Salimetrics Oral
Swab (Salimetrics, LLC, State College, PA), placed in a swab storage tube and stored in
a freezer in a locked room with limited access in the psychology department at Marquette
University. Saliva samples were assayed by study key personnel at Marquette’s
Biochemical and Immunoserological Core Laboratory. The samples were only identified
by participant numbers during storage and assaying.
Acute stress induction. On day 2, participants assigned to the acute stress group
underwent a the socially evaluated cold pressor task; SECPT (Schwabe et al., 2008)
which involved both psychological and physiological stress components. This task
involved the participant placing their hand in ice-cold water (2-4 degrees Celsius) for a
period of three minutes. Additionally, participants were instructed to stare into the lens of
camera while being observed by study key personnel as part of the social evaluative
component which is known to enhance the efficiency of stress procedure. This
combination of the systemic and processive elements is thought to maximize SAM and
HPA reactivity (Schwabe et al., 2008). The no-stress control group were asked to
immerse their hand in room temperature water, with no evaluation or camera, for the
same period.
ER task. The ER task involved a biological motion recognition task involving
point light displays (PLD) and was used to evaluate ER accuracy in participants (Figs. 1
& 2). The stimuli used in this study were adapted from research by Alaerts and
colleagues, whose research like earlier studies demonstrated that humans can accurately
perceive emotions from PLDs depicting bodily actions such as walking (Alaerts et al.,
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2011). Participants were presented with a series of PLDs in action (walking, jumping and
kicking). Each action was presented either directly from the front, at a 450 angle, or from
the side. Half of the PLDs were based on female figures, the other half male figures, with
sexes equally represented between all actions mentioned above (see Fig. 2 for a
schematic representation).
Each trial consisted of two short movies, each with duration of 3 s. The first
movie included a “prime” PLD exhibiting only neutral emotion, which was followed by a
“target” PLD with presenting either a different emotional state (e.g., happiness or anger)
or the same neutral PLD. After both the movies are played for 3 s participants were asked
to indicate on the keyboard in less than 5 s, if the target PLD is “not different”, “angrier”
or “happier” than the neutral PLD (prime) in action. Prime and target figures were held
constant with respect to sex of the PLD and types of action displayed (e.g., if the prime is
female the target will also be female; if the prime is walking, the target will also be
walking). However, the viewing perspective (i.e., angle) of presentation of the prime and
target were always different (e.g., if the prime was viewed from the front view, the target
may be viewed from the side of 450 view or side view). This difference in perspective
increases task difficulty and ensured that participants had to perceive and interpret
movement kinematics rather than just mentally compare PLDs via lower order visual
properties (Alaerts et al., 2011). Overall, there were 18 prime visuals (6 each of walking,
jumping and kicking) for each of the 3 emotions (neutral, angry, happy) presented by 2
actors (male and female), balanced between 108 trials.
Post experimental questionnaire. After the completion of the ER task,
participants were asked to complete a self-report questionnaire to indicate perceived rate
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of stress induced by the stress/control procedures on a 7-point Likert scale.
Specific Aims and Hypotheses
Aim 1
To develop evidence for the hypothesis that exposure to acute stress influences emotion
recognition of bodily motions based on PLDs.
H1. Under acute stress anger will be more accurately recognized than other
emotions. Anger is a threatful stimuli and we hypothesize that due to increased
attention towards a threat under stress, anger will be more accurately recognized
than other emotions.
H2. With respect to accuracy in ER for happy and neutral PLDs, it is
hypothesized that acutely stressed participants will exhibit reduced accuracy
related to misattribution of these emotions as anger.
Aim 2
To determine if psychophysiological responses to acute stress influences ER accuracy of
emotions
H1. ER accuracy for anger will vary based on acute stress related changes in
cortisol levels (non-directional due to lack of evidence from previous research
supporting a specific directional relationship between stress and anger).
Data Analytic Plan
All statistical analyses were carried out using the SPSS statistical software
package, version 24 (IBM, 2016). Statistical assumptions underlying all analyses
performed were carefully examined and met unless otherwise noted. In the case of mixed
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ANOVAs reported, if the sphericity assumption was violated reported results were
Greenhouse-Geiser corrected.
Data Preparation
Salivary cortisol and skin conductance levels (SCL). These data served as
biomarkers of HPA (i.e., cortisol) and SAM (i.e., SCL) stress responses between the
experimental and control groups, and were necessary to draw stress-related conclusions
with regards to behavioral changes. SCL was calculated as the average waveform (in
microsiemens [µS]) in three 3-minute bins. The first bin is collected during the baseline
resting stage, the second during the stress procedure and the third after the stress
exposure. Baseline, stress and post-stress cortisol values were measured from saliva
samples collected during three different time points during the experiment (See ER task
and physiological measures section). SCL reactivity was measured by calculating the
increase in SCL from baseline to stress condition (SCL Reactivity = exposure – baseline).
Similarly, cortisol reactivity was computed by calculating the increase in cortisol from
the baseline to 20 minutes post-exposure samples (Cortisol Reactivity = 20 min. postexposure sample – baseline sample).
Additionally, based on cortisol response 20 minutes after stress induction
participants were categorized into cortisol responders and non-responders based on the
criteria proposed by Miller et al. (2013). Responders were those who had a 15.5% or
more increase in cortisol values from baseline, whereas non-responders were those who
had less than 15.5% increase. For use in analysis participants were categorized in to 3
groups (Control, Cortisol responders and Non-responders). Sex will be included as an
independent variable in the analyses of skin conductance and cortisol using ANOVA but
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will be removed if no main effects or interactions attain statistical significance.
ER accuracy calculations. ER accuracy for individual emotions (Attribution of
emotions) were calculated in proportions (total number of accurate responses divided by
total number of attempted trials for the target emotion). Misattribution of individual
emotions were calculated as the proportion of times a specific target emotional stimulus
(i.e., neutral, angry, happy) was misattributed as another emotion (e.g., neutral to happy
or happy to angry) versus the total number of trials performed for the target emotion.
Proportions of attributions and misattributions emotions were arcsine transformed based
on previous research recommending this form of transformation for dependent variables
in the form of proportions (Cohen, Cohen, West, & Aiken, 2013).
Statistical Analyses
Psychophysiological and self-report manipulation checks. Manipulation
checks were performed using skin conductance, salivary cortisol, and self-report
measures to determine if the stress procedure elicited significant physiological and
subjective psychological changes as compared to the control procedure. 3 (Sample:
Baseline, Exposure, Post exposure) x 2 (Stress Group: Control, SECPT) mixed ANOVA
was used to investigate any main effects or interactions. If stress procedure was effective,
there will be significant increase in skin conductance and cortisol from baseline to
exposure in the stress group, but not in the control group. An independent sample t-test
with perceived stress as the dependent variable (DV) and stress condition as the
independent variable (IV) was performed to assess difference in perceived stress between
the stress and control groups.
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Aim 1. To explore H1, a 3 (Stimulus Emotion: Happy, Angry, Neutral) x 2 (Stress
Group: Control, SECPT) mixed ANOVA was conducted to compare emotion recognition
accuracy for individual emotions between stress groups. Three separate univariate
ANOVAs with accuracy for each of the emotional stimulus (i.e., anger, happy or neutral)
as the dependent variable and stress group (Stress Group: Control, SECPT) as the
independent variable were performed to examine these hypotheses. To explore patterns of
attribution of emotions between stress groups, when a significant or trending result was
observed above, a 3 (Stimulus Emotions Attribution 1: Correct, Incorrect Emotion 2,
Incorrect Emotions 3) x 2(Stress Group: Control, SECPT) mixed ANOVAs was carried
out on that emotion. For example, for angry emotional stimuli a 3 (Angry Stimulus
Attribution 1: Correct, Happy, Angry) x 2(Stress Group: Control, SECPT) mixed
ANOVA.
Aim 2. A 3 (Stimulus Emotion: Stimulus Emotion: Happy, Angry, Neutral) x 3
(Cortisol Responder Status: Control, Responder, Non-responder) mixed ANOVA with
ER accuracy for each emotion as dependent variables was performed. Separate univariate
ANOVAs with each of the individual emotions (i.e., anger, happy or neutral) as the
dependent variable and cortisol responder status (i.e., Control, Responder, Nonresponder) as the independent variable were also performed. Finally, as in Aim 1 above
to explore patterns of attribution when a significant or trending result was observed a 3
(Stimulus Emotions Attribution 1: Correct, Incorrect Emotion 2, Incorrect Emotions 3) x
3 (Cortisol Responder Status: Control, Responder, Non-responder) mixed ANOVA was
performed.
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RESULTS
Psychophysiological and Self-Report Manipulation checks
SCL data were square-root transformed to address the assumption of normality
(raw values reported here). No significant difference was observed between the baseline
SCL in the control (M = 2.65, SEM = 0.85) and stress groups (M = 1.2, SD = 0.83); t (72)
= 1.39, p > 0.15. A 3 (Sample: Baseline, Exposure, Post-exposure) x 2 (Stress Group:
Control, SECPT) mixed ANOVA indicated a significant 2-way interaction between stress
group and sample, F (2,118) = 11.81, p < .001, ηp2 = 0.12. Confirmed stress-related SAM
engagement, planned comparisons revealed that SECPT participants displayed a
significant increase in skin conductance from baseline (M = 1.20 SEM = 0.083) to
exposure (M = 1.46, SEM = 0.83); t (34) = 4.95, p < 0.001, d = 0.26; however, there was
no significant increase in the control group, t (35) = 1.47, p > 0.15, d = 0.03 (Baseline M
= 2.65, SEM = 0.85; Exposure M = 2.56, SEM = 0.0.85) (see Fig. 4).
When analyses were repeated after elimination of one outlier with remarkably high SCL
values, no changes in significance or direction of results were observed; therefore, these
data were included in the final results.
Salivary cortisol data were log transformed to meet the assumption of normality
(raw values reported here). Out of the 84 participants, cortisol data for eleven
participants were not included in the analysis due to processing error in data collection
and/or delay in assay of cortisol samples. There was no significant difference in baseline
cortisol values between the control and stress group, t (68) = 0.29, p > 0.15; Table 1. A 3
(Sample: Baseline, Exposure, Post-exposure) x 2 (Stress Group: Control, SECPT) x 2
(Sex: Male, Female) mixed ANOVA yielded no significant interaction between stress and
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cortisol, F (1.73, 112.26) = 2.37, p = 0.106, η p2 = 0.04, but a significant 3-way
interaction among stress group, sex and sample was observed, F (1.73, 112.26) = 3.4, p <
0.05, η p2 = 0.05. Post-hoc planned comparisons between baseline and exposure samples
(as well as between stress groups and sex) were performed via paired and independent ttests respectively. In the control group, there was a significant decrease in cortisol from
baseline to exposure, t (32) = 3.49, p < 0.01, d = -0.37. No significant difference in
cortisol was observed in stress group, t (36) = -0.61, p > 0.15. In SECPT subjects there
was a trend towards a decrease in cortisol for females from baseline to exposure, t (17) =
-1.8, p = 0.083, d = -0.52; but, in males, there was significant cortisol increase from
baseline to exposure, t (18) = 2.36, p < 0.05; d = 0.54. In the control group, there was a
significant cortisol decrease in both males; t (14) = -2.7, p < 0.05, d = -0.38; and females;
t (17) = -2.2, p < 0.05, d = -0.43.
To study effects of stress induced cortisol response on ER, in all analyses
involving responder status (i.e., Aim 2 below) a common literature-based approach was
performed classifying controls (irrespective of their responder status) separately from
stress group responders and non-responders in the stress group (Buchanan & Tranel,
2008; Schwabe et al., 2008; Van den Bos, Harteveld, & Stoop, 2009). A few participants
in the control group who presented as cortisol responders were retained as “controls” to
ensure that cortisol response analyzed in this study was specific to physiological and/or
perceptual factors related to the control or SECPT procedure. The stress group was
comprised of 47% (18 in 37) responders and 51% (19 in 37) non-responders (38.89% of
females in the SECPT group were responders as compared to 57.89% of males). Beyond
being a common approach in this literature, classification of controls as a separate group
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is further justified here in that, as in other studies, very few control participants met the
responder criterion (5 in 33, or 15.15%) compared to those who were non-responders (28
in 33 or 85%). A chi-square analysis confirmed that there was no significant difference in
responder status based on sex in the stress group, χ2(1) = 1.34, p > 0.15.
Finally, to examine participants’ subjective reactions to the control and SECPT
procedures an independent sample t-test examined the difference in subjective ratings of
stress perception between the control and stress groups. There was a significant
difference in the self-reported ratings of perception of stress, t (82) = 5.46, p < 0.001, d =
1.19. Participants in the stress group perceived significantly more stress (M = 4.13, SEM
= 0.27) than those in the control condition (M = 2.18, SEM = 0.24).
Aim 1: Acute stress effects on ER
To assess the influence of acute stress on ER, a 3 (Stimulus Emotion: Happy,
Angry, Neutral) x 2 (Stress Group: SECPT, Control) ANOVA was carried out. No
significant interaction between stress group and emotions emerged, F (2, 164) = 1.39, p >
0.15, η p2 = 0.02. There was, however, a significant main effect of ER, F (2, 164) = 68.86,
p < 0.001, η p2 = 0.46. Accurate recognition of happy emotions was significantly lower
than recognition of angry; t (83) = -10.9, p < 0.01, d = -1.64) and neutral emotions; t (83)
= -1.72, p < 0.01, d = -1.32
No significant interactions were observed above and therefore hypotheses one and
two were not supported from the analyses carried out. Separate univariate ANOVAs with
each ER accuracy for separate emotions (happy, angry, neutral) as the dependent variable
and stress group (Stress Group: Control, SECPT) as the independent variable were
carried out to examine effects of acute stress on specific emotional stimuli. For ER

29

accuracy of angry stimuli, the main effect of stress group trended towards significance, F
(1, 82) = 3.0, p = 0.087, η p2 = 0.04. ER accuracy for anger was higher in the stress group
than the control group, d = 0.36 (see Fig. 5), providing partial support for hypothesis one.
No significant or trending differences were observed between stress groups in recognition
of neutral or happy emotions, F (1, 82) = 0.16, p > 0.15, η p2 = 0.002 and F (1, 82) = 0.28,
p > 0.15, η p2 = 0.003 respectively (Table 2).
Exploratory analyses. The trend towards increased recognition of angry emotion
under acute stress was further explored via an analysis examining the attributions
participants made with respect to angry stimuli. To that end, a 3 (Attribution of Angry
Stimuli: Correct, Happy, Neutral) x 2 (Stress Group, SECPT, Control) mixed ANOVAs
exhibited a trend towards an interaction between attribution of anger and stress group, F
(1.65, 135) = 2.48, p = 0.098, η p2 = 0.03. Post-hoc comparisons via independent t-tests
indicated the trend was driven trend by increased misattribution of angry emotional
stimuli as neutral, in the control group over the stress group, t (82) = 1.91, p = 0.059, d =
0.42, (see Fig. 6). There was no significant or trending difference in misattribution of
angry stimuli as happy between the two groups, t (82) = 1.04, p > 0.15, d = 0.33. Means
and SEM of attribution of each emotion in provided in Table 2.
Aim 2: Effects of Salivary Cortisol Response on ER
A 3 (Stimulus Emotion: Happy, Angry, Neutral) x 3 (Cortisol Responder Status:
Control, Responder, Non-Responder) mixed ANOVA on ER accuracy revealed no
significant main effects or interactions. Therefore, hypothesis one for Aim two was not
supported. However, subsequent univariate ANOVAs using overall ER accuracy for each
emotional stimulus as the dependent variable and cortisol responder status as the
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independent variable (as defined earlier: Control, Responder, Non-responder) indicated a
significant main effect of cortisol responder status on ER for neutral emotion stimuli; F
(2, 67) = 3.4, p < 0.05, η p2 = 0.92. Post-hoc analyses using independent sample t-tests
suggest that cortisol responders exhibited significantly more ER for neutral emotions than
non-responders; t (35) = -2.5, p < 0.05, d = 0.87) and controls; t (49) = 2.3, p < 0.05 d =
0.69), (see Fig.7). There was no main effect of responder status in ER for happy or angry
emotions, F (2, 67) = 0.82, p > 0.15, η p2 = 0.02 and F (2, 67) = 0.72, p > 0.15, η p2 = 0.02
respectively (Table 3).
Exploratory analyses. Reduced ER accuracy for neutral emotions in cortisol
responders was further explored via attribution data. Based on a 3 (Attribution of Neutral
Stimuli; Correct, Angry, Happy) x 3 (Cortisol Response: Control, Responder, NonResponder) mixed ANOVA, there was a significant interaction between cortisol
responder status and attribution, F (3.2, 107.3) = 3.36, p < 0.05, η p2 = 0.09. An analysis
of simple main effects via follow-up univariate ANOVAs using incorrect angry and
happy attributions as the dependent variables indicated cortisol responders misattributed
neutral stimuli as happy significantly more than non-responders and controls; F (2,67) =
4.14, p < 0.05, η p2 = 0.10, (see Fig. 8). There were however, no significant differences in
misattribution of neutral stimuli as angry, F (2, 67) = 2.02, p > 0.15, η p2 = 0.06. Means
and SEM for attribution of emotions based on responder status is provided in Table 3.
Given the previously discussed significant sex differences in salivary cortisol
reactivity under acute stress, to gain additional insight into the nature of the responder
effect the ANOVA just discussed (i.e., the simple main effect of cortisol responder status
on attribution of neutral stimuli as happy) was also split by sex to examine males and
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females separately. The simple main effect above was driven specifically by female
participants, F (2, 33) = 5.01, p < 0.05, η p2 = 0.23. Males exhibited no such effect, F (2,
31) = 0.414, p > 0.15, η p2 = 0.03. Thus, female stress group cortisol responders
misattributed neutral stimuli as happy significantly more than did female non-responders,
t (16) = 2.83 p < 0.05, d = 1.3, and female controls, t (23) = 2.9, p < 0.01, d = 1.31, (see
Fig. 9 & 10).
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DISCUSSION
The central aim of the current study was to assess the effect of acute stress and
associated cortisol secretion on ER for emotionally relevant bodily movements. It was
hypothesized that stress exposure would influence ER, such that angry stimuli would be
more accurately recognized under acute stress. This was partially supported, but only as a
statistical trend. In addition, it was hypothesized that ER for happy and neutral stimuli
would be reduced under stress due to misattribution of these emotions as anger (this was
not supported). It was also hypothesized that ER of anger would vary based on acute
stress-related changes in cortisol. This hypothesis was not supported, but female stress
group cortisol responders misattributed neutral stimuli as happy significantly more than
did controls or non-responders.
The acute stress SECPT procedure was observed to be effective as indicated by
increased skin conductance levels, a distribution of cortisol (non)responders under acute
stress consistent with the literature, and subjective ratings of increased stress during
SECPT exposure. It is important to note that under acute stress, disregarding responder
status, a significant cortisol increase occurred in males but not in females. Similar results
have been observed in previous studies using SECPT to induce acute stress (e.g.,Kinner,
Het, & Wolf, 2014). This raises the need for further exploration of sex differences in
cortisol reactivity to the SECPT. For example, research using the Trier Social Stress Test
has demonstrated differences in cortisol response based on the sex of the evaluative
committee (Duchesne, Tessera, Dedovic, Engert, & Pruessner, 2012), with males and
females showing increased cortisol response only in the presence of an opposite sex
evaluator. SECPT in the present study sometimes involved two evaluators from same or
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opposite sex, which may be a contextual factor that dampened cortisol responses in
females. Nevertheless, there were no significant sex differences in the number of cortisol
responders and non-responders in the stress group.
Both stressed and non-stressed participants exhibited increased recognition of
anger and neutral emotions. Reduced recognition of happy emotional stimuli echoes
previous research that utilized ER from body movements (Martinez, Falvello, Aviezer, &
Todorov, 2016). Research demonstrating a delayed disengagement from angry stimuli
(Gilbert, Martin, & Coulson, 2011) suggests that participants in the current study may
have generated a negative affect associated with anger, leading to reduction in ER for
happy stimuli. Recent f-MRI studies indicate that perception of anger from dynamic
bodily stimuli engage brain regions related to stress and motor responses (Pichon, de
Gelder, & Grezes, 2008) and increase activity in ER-critical regions such as the amygdala
and orbitofrontal cortex (Kret, Pichon, Grèzes, & de Gelder, 2011). The bias towards the
recognition of anger even in the absence of stress may be attributed to evident adaptive
value of recognizing a threat (Herman et al., 2016).
Beyond overall enhanced ER of anger, acutely stressed participants trended
towards increased ER accuracy of angry emotional stimuli. This aligns with previous
research indicating enhanced processing of anger under stress (Wieser et al., 2010).
Acute stress may elicit a fight-or-flight response (Cannon, 1932) and associated
psychophysiological changes that aid in mobilizing energy to cope with a perceived or
actual threat (Jansen, Van Nguyen, Karpitskiy, Mettenleiter, & Loewy, 1995). In this
study, the SECPT induced fight-or-flight mode may have activated a hypervigilant state
in the individual as resources shifted towards salience processing (Hermans et al., 2014).
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Thus, stress activated neural responses may promote attention towards a potentially
harmful stimulus in the surrounding, leading to increased recognition of anger
(Milosevic, 2015). Increased ER for neutral and angry as compared to happy stimuli in
both stress groups may bolster this interpretation, in that recognition of safe (i.e., neutral)
resources may be considered a vital resource for survival under real or perceived threat.
More research is needed to improve our understanding of how the presence or absence of
an anger stimulus influences the recognition of other emotional stimuli presented.
The current results also demonstrated that stress induced cortisol response (i.e.,
cortisol responder status) was associated with a decline in ER accuracy specific to neutral
stimuli, which may highlight the existence of overlapping neural mechanisms involved in
stress and ER. Neutral emotional stimuli may not represent the lack of emotion per se,
(Lee, Kang, Park, Kim & An, 2008) but the presence of suboptimal emotional
information which can be used to inform decision-making via engagement of higher
order PFC regions impaired by acute stress (Rodrigo, Ayaz, & Ruocco, 2016). PFC has a
dense collection of receptors targeted by glucocorticoids such as cortisol (McKlveen et
al., 2013). When high levels of cortisol are produced, glucocorticoid receptors become
saturated resulting in reduced PFC capacity and increased activation of amygdala,
thereby diverting attention towards emotional stimuli. This may reduce PFC’s ability to
process information associated with the recognition of neutral emotion. Further, the
amygdala (which may be further engaged under acute stress) may contribute less to
recognition of a neutral emotional stimuli as compared to angry or happy emotions (van
Marle et al., 2009). While recognition of neutral emotional stimulus is likely not
exclusively sub-served by PFC, and may depend on brain regions such as temporal lobe
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and occipital lobe (Esslen, Marqui, Hell & Lehmann, 2004), the effects of cortisol on
these regions are not clearly understood. Further exploration of stress effects on these
brain regions may reveal new perspectives on behavioral consequences related to
increased ER for neutral stimuli. Contrary to our expectation, cortisol responder status
did not play a role in the recognition of anger.
Our data showed that the reduced recognition of neutral emotion by cortisol
responders was due to the increased misattribution of neutral emotion as happy.
Therefore, cortisol responders seem to interpret emotionally neutral social cues as
positively and emotionally meaningful. Although sex was not retained in the majority of
final analyses reported above (due to the absence of a significant contribution),
interactions between cortisol, stress group and sex encouraged during
psychophysiological manipulation checks justified our exploration of whether or not said
misattribution might vary by sex. This was, in fact, the case as misattribution of neutral
stimuli as happy drove the three-way interaction and occurred significantly more in
female than in male cortisol responders. Though sex-related effects on cognitive
performance of acute stress-related glucocorticoid release has been reported in other
studies (e.g., Smeet et al., 2009, Wood et al., 2001), the present study observed this effect
only in misattribution of neutral emotions as happy.
Increased misattribution of neutral emotion as happy in female cortisol responders
may correspond to the biobehavioral “tend-and-befriend” (i.e., affiliative) acute stress
response often described in females under stress (Taylor et al., 2000). Based on this
model, under acute stress men tend to adhere to the classic fight-or-flight response
whereas females may more often engage in behaviors that foster development of social
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relationships to cope with the threat. Therefore, attributing low intensity and ambiguous
neutral emotional stimuli as happy may in fact represent an adaptive response to acute
stress in high cortisol responder females. That said, some previous research associates a
tend-and-befriend pattern only with low cortisol response status in females (Kinner et al.,
2014). On the contrary, the current study observed this pattern of behavior only in
females who were high cortisol responders.
Taylor (2006) demonstrated that increased oxytocin in individuals may reduce
cortisol thereby improving social cognition. Nevertheless, most of the existing studies
that have shown that oxytocin enhances ER have been conducted using facial ER stimuli
(Lischke et al., 2012; Marsh, Henry, Pine, & Blair, 2010) whereas, the current study uses
dynamic body motions. This unique finding highlights the importance of more research
comparing ER from body motions and facial stimuli. It also may be noted that the
affiliative pattern was only observed in response to neutral stimuli and not for angry
stimuli. One possible explanation for this pattern could be the increased overall attention
towards threatening angry stimuli (Cisler, Bacon, & Williams, 2009) leading to reduced
misrecognition of this emotion. An overall positive bias in the recognition of anger has
been seen in previous studies that used PLD (Alaerts et al., 2011). To summarize,
contrary to our hypotheses we did not find effects of stress on the recognition of happy or
angry emotions; but adaptive emotion attribution patterns appear to be augmented under
stress, especially in females who exhibit high cortisol reactivity.
Results from this study have several research and clinical implications;
understanding ER patterns under stress in typically developed individuals yields
preliminary data for examining emotional and behavioral responses in various stress
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related mental health conditions. Since ER guides behavioral responses, the increased
recognition of anger for stressed individuals may be particularly relevant for
understanding emotional behaviors in stress disorders and trauma survivors. Moreover,
reduced recognition of neutral emotion related to stress response has important
implication in maintaining and developing social relationships. As previously stated,
neutral emotions may not indicate absence of any emotion, it could represent low
intensity emotions such as calmness, boredom or lethargy. Reduced ability to recognize
these emotions during important interpersonal interactions such as major negotiations or
interpersonal conflicts (Manstead & Fischer, 2001) may prohibit appropriate and adaptive
behavioral changes impacting meaningful communication and quality of relationships.
These results may also have important clinical implications. This may be an
adaptive evolutionary response and could be beneficial for coping with stress in the shortterm, but interpreting another individual’s emotional signals as happier than they are may
have negative consequences. Comparisons of distress in oneself relative to the happiness
of others could lead to maladaptive cognitions which can negatively influence overall
well-being and mental health. (Buunk, Collins, Taylor, VanYperen, & Dakof, 1990)
Further, an increased likelihood of upward social comparisons under acute stress may
lead to negative feelings about oneself and could even contribute to development of
depressive symptoms (Olson & Evans, 1999). That said, it is unclear at present if the
stress group cortisol responder females are only ‘perceiving others as happier than they’
are or if they might also use this emotional information for social comparisons or actual
decision-making.
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This study does have some limitations; for example, the design of the study
limited our understanding of how varying intensities of different emotions (real or
perceived) and variances in expression of the same emotion may influence ER under
stress. To reduce carry over effects from emotions of varying properties (Garrett &
Maddock, 2001), the current study only implemented one positive and one negative
emotion in comparison to a neutral emotion and all trials were set to be expressed at the
same intensity. Increasing the number of emotions in our task would also have
considerably increased the duration of the task which may not have aligned with the
timing of the cortisol reactivity (occurs within 20-40 minutes after stress induction). It
would be important to study how stress influences perceptions of emotions such as fear or
sadness. Secondly although our study had a reasonably large sample size (n = 84) for a
psychophysiological experimental design, the processing and measurement delays led to
the loss of some of the physiological data (cortisol). The result was unequal sample sizes
for the sex and stress groups which may also have contributed to the absence of overall
increase in cortisol in the stress group.
Additionally, a potential tend-and-befriend response seen in female cortisol
responders in this study is often associated with increased oxytocin which promotes
parasympathetic functioning and thereby prosocial behavior (Taylor, 2006); therefore,
future research may explore the interaction between oxytocin and cortisol as a
mechanism that might enhance misattribution of emotions from body movements under
stress. Notably, all female participants in this study were in the luteal phase of their
menstrual cycle when cortisol levels are most consistent between males and females
(Kudielka & Kirschbaum, 2003; Symonds, Gallagher, Thompson, & Young, 2004)
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Similarly, with respect to oxytocin some studies indicate only small variations in
oxytocin levels among various stages of the menstrual cycle (Stock, Bremme, & UvnäsMoberg, 1991) whereas others such as Salonia et al. (2005) observed significantly lower
oxytocin in luteal phase in comparison with both the follicular and ovulatory phases.
Given such discrepancies, it will be important to investigate if exposure to stress in
females during the luteal phase of cycle influenced cortisol levels and/or oxytocin
quantities thereby promoting affiliative behavior.
Lastly, previous studies have shown that acute stress reduces attention (Sänger,
Bechtold, Schoofs, Blaszkewicz, & Wascher, 2014; Vedhara, Hyde, Gilchrist,
Tytherleigh, & Plummer, 2000), particularly towards irrelevant information (Booth &
Sharma, 2009); therefore, future studies may examine how attention changes related to
acute stress induction may influence current findings. Importantly, this study investigates
the recognition patterns related to attribution and misattribution of emotions under acute
stress in a typically developed sample, research on how current results might be similar
or dissimilar in a clinical population will be beneficial. Despite these limitations, this is
the first study to examine effects of acute stress on ER from body movements displayed
as PLDs. With only limited research in the field of stress induced effects on ER, present
results provide robust data to facilitate better understanding of normal emotional
processes in individuals. We provide preliminary evidence for hypothesis that stress and
physiological stress responses influence ER in varying degrees based on the properties of
the emotions.
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APPENDIX

Table 1: Mean and SEM of cortisol samples between stress groups in males and females
Male

CTRL

SCEPT

Female

Overall

Samples
Baseline
Exposure
Post-Stress

Mean
5.500
3.164
2.354

SEM
1.939
0.592
1.377

Mean
2.912
2.023
1.609

SEM
1.770
0.540
1.257

Mean
4.088
2.542
1.948

SEM
1.300
0.423
0.922

Baseline
Exposure
Post-Stress

5.825
4.982
4.614

1.770
0.540
1.257

4.445
2.759
2.943

1.770
0.540
1.257

5.135
3.870
3.778

1.245
0.405
0.883
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Table 2: Mean and SEM for Attribution of Emotions Control and SECPT groups
Emotion

Attribution

SECPT

CONTROL

Happy

Happy
Angry
Neutral

Mean
.617
.190
.193

SEM
.027
.017
.020

Mean
.598
.203
.199

SEM
.028
.017
.021

Angry

Happy
Angry
Neutral

.884
.064
.052

.021
.016
.012

.830
.083
.088

.022
.016
.012

Neutral

Happy
Angry
Neutral

.833
.112
.056

.026
.017
.014

.823
.095
.081

.026
.017
.014
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Table 3: Mean and SEM for Attribution of Emotions in males and females based on
cortisol responder status
Male
Responder

Female

Non Responder

Control

Responder

Non Responder

Control

Attribution
Happy Happy
Angry
Neutral

Mean
.562
.200
.238

SE
.054
.035
.038

Mean
.678
.151
.171

SE
.063
.041
.044

Mean
.587
.221
.192

SE
.046
.030
.032

Mean
.616
.230
.154

SE
.068
.044
.047

Mean
.635
.189
.177

SE
.054
.035
.038

Mean
.613
.198
.190

SE
.042
.027
.030

Angry

Happy
Angry
Neutral

.048
.871
.081

.026
.037
.024

.032
.923
.045

.030
.043
.028

.054
.876
.070

.022
.031
.020

.077
.884
.039

.032
.046
.030

.106
.861
.033

.026
.037
.024

.086
.826
.088

.020
.029
.019

Neutral Happy
Angry
Neutral

.122
.060
.818

.025
.022
.035

.112
.032
.856

.029
.025
.041

.100
.060
.840

.021
.018
.030

.180
.063
.757

.031
.027
.044

.059
.044
.897

.025
.022
.035

.063
.072
.865

.019
.017
.027
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FIGURES

Figure 1: Visual Representation of ER task from PLD, (Alaerts et al, 2011). A)
Reflective markers attached to male actor’s elbows, wrists, hips, knees and ankles which
were tracked using a Vicon motion-capture-system. B) Point light figure obtained by
converting the 12 marker dots to white spheres on a black background. C) Various angles
in which PLD is viewed (front, side and 450).
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Figure 2: Schematic Representation of ER from PLD. The prime emotion is always
neutral followed by one of the three target emotions which is viewed in a different angle
than the prime. PLD for each emotion is viewed as engaged in walking, jumping and
kicking actions. A total of 108 trails are displayed by an equal number of male and
female PLDs.
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Figure 3: Schematic Representation of the Experimental timeline. Baseline SC and saliva
samples (cortisol) were collected immediately after participants acclimated to the lab. SC
was again measured during and immediately after the stress procedure. Saliva samples
for exposure cortisol was collected 20 minutes after exposure to stress and post-stress
cortisol was measured after the ER task.
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Figure 4: Skin Conductance Reactivity between the Stress Groups. There was a
significant increase in cortisol from baseline to exposure in the stress group (p < 0.01),
but not in the control group (p > 0.15).
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Figure 5: Recognition Accuracy for Anger between Stress Groups. There was a trend
towards increased recognition of anger (p = 0.087) in the stress group compared to the
control group.
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Figure 6: Attribution of Anger between Stress Groups. There was a trend towards
misattribution of angry emotional stimuli as neutral in controls (p = 0.059) as compared
to the stress group (p > 0.15)
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Figure 7: Accurate Recognition of Neutral Stimulus Based on Cortisol Responder Status.
SECPT cortisol responders exhibited significantly reduced accuracy for neutral stimuli as
compared to controls (p < 0.05) and SECPT non-responders (p < 0.05).
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Figure 8: Misattribution of Neutral Stimuli as Happy Based on Cortisol Responder
Status. SECPT cortisol responders exhibited significantly higher misattribution of neutral
stimuli as happy (p < 0.05), but not controls (p > 0.15) or SECPT non-responders (p >
0.15).
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Figure 9: Misattribution of Neutral as Happy Based on Cortisol Responder Status in
Females. Female SECPT cortisol responders significantly misattributed neutral stimulus
as happy (p < 0.05), but controls (p > 0.15) and SECPT non-responders (p > 0.15) did
not.
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Figure 10: Misattribution of Neutral as Happy Based on Cortisol Responder Status in
Males. No significant difference in misattribution was seen in male SECPT cortisol
responders, non-responders or controls.

